The present paper, which is mainly clinical in cbaracter, is based on observations in London fever hospitals during the last thirty-three years. I shall deal mainly with diphtheria and have only a few remarks to make on the nervous complications of the acute exanthemata and enteric fever. Diphtheritic paralysis. -Frequency: Since diphtheritic paralysis first engaged attention, the records of its frequency have varied considerably with different observers. My own observations, based on a study of 2,300 cases of diphtheria, showed that 477 (20-7%) developed some form of paralysis. The much lower estimates made by other clinicians were probably due to several mild forms of palsy, such as a nasal voice or cycloplegia, having escaped attention. As I pointed out in mv Oxford M.D. thesis nearly thirty years ago, to the majority of diphtheritic palsies the term paresis is more applicable than paralysis, so that unless a special examination is made in such cases, a slight and transient loss of power is very liable to escape notice. These semi-latent forms are well exemplified in the case of the two commonest palsies, viz., palatal paresis and ophthalmoplegia. In the mildest form the palatal affection is manifested by a slight nasal twang of the voice, while the impairment of movement of the palate on phonation is barely perceptible. The ocular palsy may be so slight that the pupils are, of normal size and react to accommodation, although the patient may be more or less unable to read small print.
Age and paralysis: Contrary to the teaching of Landouzy, paralysis in my experience is more frequent in children than in adults, the great majority of cases occurring between 2 and 6 years of age. Not only actual paralysis, but abolition of the tendon-jerks is commoner in children than in adults.
Relation to character of initial attack: Several general physicians and neurologists whose experience of diphtheria in the acute stage is necessarily very small, have expressed the opinion that there is either no relation between the character of the faucial involvement and the frequency atnd severity of the subsequent paralysis, or that paralysis is actually more frequent and severe after mild than after severe attacks. Such a statement is in direct contradiction to the experience of those who have had prolonged and intimate acquaintance with diphtheria, such as the medical officers and nurses of large fever hospitals, who have always found that the frequency and severity of diphtheritic paralysis bear a direct relation to the character of the initial angina. The truth of this view can be confirmed by the practice-which I followed for many years-of classifying the case according to its severity, as soon as the throat became free from membrane. The incidence of paralysis among my cases AUG.-JOINT Dis. No. in which this plan was adopted was as follows: 48-1% among 800 severe cases, 13 6% among 498 moderate cases and 2 4% among 890 mild cases. Paralysis is much more frequent and severe in faucial cases in which the nostrils are involved than in purely faucial cases. Of 570 combined faucial and nasal cases, 240, or 42-1%, of which 133 were severe, developed paralysis, as compared with 237 paralysis cases (14-1%), of which 51 were severe, among 1,680 cases of faucial diphtheria, including laryngeal cases, but without nasal involvement. On the other hand, paralysis is extremely uncommon in purely nasal, laryngeal, or cutaneous cases without any faucial involvement, although undoubted examples of the kind have been recorded. Further proof of the direct relation between the character of the initial angina and the subsequent development of paralysis is furnished by the fact that among 40 relapses of diphtheria-occurring in hospital under my observationin which the disease could at once be arrested by antitoxin, no instance of paralysis took place.
It is only when the faucial lesions have been overlooked or neglected and the case has been ambulatory throughout, or the recumbent position has not been enforced for a sufficiently long period, that severe and even fatal paralysis may follow mild angina.
Relation of paralysis to antitoxin: Closely connected with the question of the relation of paralysis to the character of the initial attack is that of the relation of the frequency and severity of paralysis to the day of disease on which antitoxin was given. I have frequently (1904, 1909, 1913, 1929 ) had occasion to show that whereas in pre-antitoxin times early treatment had no power to cut short the disease or prevent or modify paralysis, early injection of antitoxin undoubtedly jugulates the disease and tends to diminish the frequency and severity of subsequent paralysis.
Date of onset of palsies: During the first fortnight of the disease the only palsies likely to occur are palatal and cardiac paralyses. The term " precocious " has been applied to that form of paralysis of the palate which occurs in the first fortnight of the disease and is manifested by a nasal voice and, less frequently, by regurgitation of fluids tbrough the nose. Like cardiac paralysis, it is almost invariably associated with malignant forms of diphtheria, as is shown by the high mortality, and the association of other grave symptoms during the acute stage, and subsequently by more frequent development of other varieties of paralysis in cases in which it occurs. According to Hochhaus, it is due to interstitial myositis of the palatal muscles. It is a grave sign, as it often precedes or accompanies a corresponding anatomical change in the cardiac muscle. Owing to its anatomical basis it is usually of much longer duration than palatal paresis of later onset. The term cardiac paralysis is usually applied to a syndrome arising after the membrane has disappeared from the throat, and consisting in alteration of the normal heart sounds, low blood-pressure, enlargement of the liver, oliguria-sometimes amounting to anuria-retching and vomiting. Death is preceded by an algid state, sometimes lasting for several days, during which no pulse can be felt. Milder forms of cardiac involvement in which complete recovery takes place are much more frequent. Contrary to what has been stated elsewhere, ocular palsy, in the form of cycloplegia, squint, or ptosis never occurs, in my experience, before the third week and rarely before the fourth or later. Cycloplegia usually precedes and is commoner than squint. Paralysis of the pharynx seldom occurs before the fifth week, when it is often accompanied by paralysis of the diaphragm, and, less frequently, of the abductors or adductors of the larynx. Between the fifth and seventh week involvement of the neck muscles, loss of power in the lower limbs and paresis of the facial muscles, especially of the depressor labii inferioris and platysma, are liable to occur. Sphincter trouble in the form of retention of urine and constipation or of -incontinence of urine and fmces is also a later-but fortunately very unusual-occurrence. Sensory impairment, such as anesthesia, hypaesthesia, astereognosis and pallanaesthesia-the detection of which in children is often impossible-may occur at this time, usually in association with generalized paralysis. Diphtheritic hemiplegia.-No account of diphtheritic paralysis is complete without mention of the rare form, hemiplegia, which differs fromn all other paralyses in diphtheria in being primarily a vascular lesion. Although several cases have been reported in various Sections of this Society in recent years, it is a very unusual event. Embolism, which is probably commoner in diphtheria than in any other infectious disease, appears to be the commonest cause, the cerebral embolism giving rise to hemiplegia being occasionally accompanied by renal or splenic infarction or other embolic processes. In all the cases on record the initial attack was severe. The onset of the hemiplegia is most frequent in the second or third week, when the heart is most severely affected. The prognosis is good as regards survival, but unfavourable as regards complete recovery of function, as contractures and atrophy usually supervene in the paralysed limbs, and as a rule there is some mental impairment. I have, however, seen and reported before the Section for the Study of Disease in Children , two cases of diphtheria in which the hemiplegia, though complete and accompanied by the characteristic changes in the reflexes, disappeared within twenty-four hours, and I found references to four other examples in the literature. Although one patient recovered and an autopsy could not be obtained in the other case, the paralysis was probably due to uramia in the former case and to microscopical embolism in the latter.
Encephalitis, giving rise to double hemiplegia or ataxia-of which cases were shown at a meeting of the Section for the Study of Disease in Children in 1931 by Worster-Drought and Hill-is a very rare occurrence. The same is to be said of chorea, of which Critchley has reported an example.
Reflexes: The tendon reflexes are affected in a considerable proportion of all cases of diphtheria, the knee-jerks in my experience (1905) being rendered sluggish or abolished more frequently than the ankle-jerks. In a series of 100 cases of diphtheria I found that the knee-jerks were lost in 31 and sluggish only in 38, whereas the ankle-jerks were affected in 47 cases only, being lost in 20 and sluggish in 27. Affection of the ankle-jerks was never found without a corresponding or relatively greater impairment of the knee-jerks. It is important to note that in only a small proportion of cases are the tendon-jerks lost in the first week of the disease, so that it is unwise to exclude diphtheria merely because the knee-jerks are active in a doubtful case of sore throat. It is important to realize that loss of the tendon-jerks may persist for many weeks after clinical recovery, so that their absence should not contra-indicate a patient's discharge from hospital. The superficial reflexes-notably the abdominal reflex in both sexes and the cremasteric reflex in the male-are lost only in severe cases of generalized paralysis, and such loss is usually only of short duration. Many years ago (1910), stimulated by a paper by Kiroff who had found Babinski's sign present in diphtheria, I examined the plantar reflex in 877 cases of diphtheria and found an extensor response in 172 (19-6%). Babinski's sign was found to be essentially a phenomenon of the acute stage, beIng replaced, in the great majority, by a flexor response in convalescence. It was not associated with any special condition of the tendon-jerks and was never accompanied by ankle clonus. It was more frequent and persistent in severe attacks of diphtheria than in mild attacks, and was most probably due to a transitory perturbation of the pyramidal tract by the circulating toxins, comparable to the slight degree of meningeal reaction which frequently occurs in acute infections.
Prognosis: Complete recovery in diphtheritic paralysis is the rule, death the exception. Apart from hemiplegia, which seldom ends in complete recovery, the rarest contingency is for the paralysis to become chronic. In view of the fact that I have not met with a single case during my thirty-three years' experiernce and that only eight have been recorded in the literature, the last of the kind having been 99 1423 reported in 1906 (Rev. Neur. and Psych., 1907, v., 56), I am inclined to think that some other cause than diphtheria must have been responsible for the chronicity. The prognosis usually depends on the age of the patient, the situation of the paralysis, and the date of onset. The older the patient, the better the prognosis, death from diphtheritic paralysis in an adult being, fortunately, a rare event. The onset of cardiac paralysis before the third week is of very unfavourable omen, whereas the later development of cardiac involvement is much less serious.
Precocious palatal palsy, as already indicated, is a grave sign, as is also the loss of the abdominal reflex in late generalized paralysis.
Treatment: Prophylactic measures in the form of early injection of antitoxin and rest in bed for a period varying with the severity of the initial attack are likely to be more effective than curative treatment. In the most frequent palsies, viz. palatal and ciliary, their transient duration and mild character render any special treatment unnecessary. The treatment of cardiac and pharyngeal paralysis is too well known to need discussion at a meeting of this kind. I have had no experience of the Drinker or other apparatus for artificial respiration in the treatment of diaphragmatic paralysis. Several French clinicians have strongly recommended the use of antitoxin in diphtheritic paralysis, but the natural tendency to spontaneous recovery and the failure of this treatment in experimental diphtheritic paralysis, as shown many years ago by Rosenau and Anderson and recently by Uhry, indicate that the success of the method is due less to a specific action than to psychotherapy.
Scarlet fever.-The nervous complications of scarlet fever consist in serous meningitis, which is not uncommon in severe attacks, suppurative meningitis which is usually secondary to otitis media, less frequently to rhinitis, and rarest of all primary, cerebral or cerebellar abscess which is usually otogenic also, and hemiplegia, of which I collected 75 cases in a paper read before the Section for the Study of Disease in Children in 1927. Peripheral palsies in scarlet fever, of which there are a few cases on record, are extremely rare and none have come under my observation.
Measles.-Although a good deal of attention has recently beeln given to encephalitis as a complication of measles, nervous complications of any kind are in my experience excessively rare in this disease. Meningitis, which is an infrequent occurrence, is usually otogenic as in scarlet fever, but in rare cases it may be primary. A few examples of myelitis, disseminated sclerosis, chorea and various psychoses have been recorded, but I have not seen any myself.
Rubella.-Nervous complications are very rare in this trivial disorder, and none have come under my notice, but examples of peripheral neuritis, Landry's paralysis, meningitis and encephalitis have been recorded, as I have indicated elsewhere (1929).
Varicella.-As in measles and rubella, nervous complications are uncommon in this disease. Although in recent years numerous examples have been recorded, especially of encephalitis, in the great majority of cases of this complication complete recovery is the result and death is very rare. Other nervous sequelhe of varicella are meningitis, myelitis and neuritis. An excellent survey of this subject will be found in the recent paper by Corda of Cagliari.
Smallpox.-The rarity of nervous complications in smallpox is shown by the fact that I could find only 25 examples among the records of 10,000 patients in the last great London epidemic which took place in 1901-02. Thirty years later Marsden and Hurst reported 11 cases of acute nervous symptoms associated with smallpox in patients aged from 6 to 46 years. Seven of these, of whom four recovered and three died, were examples of acute disseminated encephalomyelitis. Necropsies on the fatal cases showed lesions which were indistinguishable from those of postvaccinial encephalitis. Other nervous complications occasionally met with in smallpox are meningitis-which ismost likely to occur during the stage of suppuration or desiccation-myelitis and peripheral neuritis. Enteric fever.-In my experience nervous complications in enteric fever are rare, apart from abolition or impairment of the abdominal reflexes and delirium, which, as I pointed out in 1906, are rather symptoms than complications of the acute stage.
With the exception of the condition of tender toes, I do not recall having seen a case of peripheral neuritis in typhoid fever, although this disease is reputed to come next to diphtheria in its tendency to attack the peripheral nerves. There is little doubt that some at least of the cases of peripheral neuritis occurring in typhoid fever are really examples of alcoholic neuritis of therapeutic origin. Meningitis may occur as an initial symptom in the form of meningo-typhoid or meningo-paratyphoid, or at a later period, and most frequently between the fifteenth and twentieth days. Recovery usually takes place in serous meningitis, while in suppurative meningitis death is the rule. Spinal complications consist in Landry's paralysis, transverse myelitis or a forme fruste manifested only by exaggeration of the reflexes, Babinski's sign and ankle clonus. Typhoid spine, which may occur in all but the mildest cases, usually arises in convalescence and consists in a spondylitis and perispondylitis. The symptoms are intermittent temperature, pain and rigidity in the dorsolumbar region and occasionally pain radiating to the abdomen and lower limbs. Cerebral involvement may be manifested by hemiplegia with or without aphasia. Psychoses may occur during the prodromal period, in the form of mental excitement or depression-during the height of the disease in the form of delirium or stupor, or during convalescence, in the form of acute delirium, confusional insanity, delusions, mania or melancholia. RE WORSTER-DROU -HT, C., and HILL, T. R., Proceedin.gs, 1930-1, xxiv, 320, 567.
Dr. W. G. Wyllie.-A division of the nervous complications of the acute fevers and exanthemata into suppurative and non-suppurative types places the bulk of our material in the second group. In the first, or suppurative, type an invasion of the central nervous system by visible bacteria produces meningitis or cerebral abscess. Such events may occur in scarlet fever and typhoid, but are best known in connexion with pneumonia.
Any attempt to classify the non-suppurative encephalopathies must be made on a pathological basis, as the clinical syndromes are for the most part the common property of all the acute fevers. I propose, therefore, to use the following classifications: (A) The encephalopathies characterized by demyelination; (B) the toxic encephalopathies; and (C) the encephalopathies of vascular origin, htemorrhagic, embolic, or thrombotic. Anatomically, the nervous complications of some of the acute fevers are represented in more than one of these groups.
Clinically, the commonest neurological syndromes following the acute fevers are: (1) A multiple focal or disseminated type with cerebral and spinal symptoms;
(2) a mainly spinal type; (3) a cerebellar or ataxic form; and (4) a focal hemiplegic type. Any of these syndomes may be associated with each member of the group of fevers of virus causation-measles, smallpox, varicella and German measles. The most frequent central nervous complication of scarlet fever, whooping-cough, and diphtheria is the focal cerebral hemiplegic syndrome. A purely meningeal syndromemeningismus, serous meningitis-occurs as a complication of any of the acute fevers.
(A) The demyelinating encephalopathies.-The nervous complications of measles, smallpox, chickenpox, and German measles, have a strong family likeness, noticeable not only in their clinical manifestations but also in their morbid anatomy. Histological reports on cases following German measles are extremely rare, but in Benard's [1] icase of meningomyelitis there was the same demyelinating feature common to the other members of the group.
A striking feature of this group is the uniformity of the time-interval separating the appearance of the primary exantbem and the onset of the nervous symptomson an average, seven days. After smallpox it is commonly from five to thirteen days, after measles usually seven days, after chickenpox from seveh to ten days. In postvaccinal cases the average incubation period is the same.' A shorter period, from three to seven days, is usual in the cases following German measles.
In this period of decline of the primary exanthem, when the patient is on the way to recovery and has become afebrile, the onset of' thelnervous symptoms is abrupt with a renewal of pyrexia:' Symptoms of "meningism " or "serous meningitis" are common, headache, vomiting, cervical rigidity, Kernig's sign, and sometimes convulsions. Drowsiness is a prominent symptom and often deepens to coma lasting for several days.. On the return of consciousness, the character of the nervous lesions becomes apparent, the cerebral including hemiplegia, diplegia and aphasia: the basal ganglia, choreiform movements; the brain-stem, rigidity, tremor, difficulty in speech or in swallowing; the cerebellum, ataxy; and spinal symptoms, paraplegia, sensory disturbances, and retention of urine. Trismus has been observed most often in cases following smallpox, vaccination, and' chickenpox, but also after measles and German measles. Ocular palsies and nystagmus are infrequent, but papillmedema is present in many cases.
After measles,' smallpox (and vaccination), combined cerebral and spinal, or mainly spinal, symptoms are most common. After chickenpox ataxy is the most frequent symptom, less often spinal symptoms. In the much rarer cases following German measles, cerebral, cerebellar, or spinal syndromes have been recorded. The cerebrospinal fluid in 'all these cases gives very similar results. It may be normal, but is often under pressure, and shows a moderate pleocytosis, or sometimes as many as from two to four hundred cells, mainly'lymphocytes. More rarely a turbid fluid is encountered, especially after measles, with a preponderance of polymorphonuclear cells.
The rate of mortality in the cases after these fe'vers is unequal.' Following measles, Ford [2] estimates the mortality at 10%, but in the non-fatal cases the percentage with some residual incapacity, 65%, is much greater than after the other fevers in this group. In post-varicellar cases the death-rate is about 6%. Tbree deaths occurred in Marsden and Hurst's [3] ten cases following smallpox. In post-vaccinal cases the average mortality is from 30 to 40%. What has been the relative frequency of the nervous complications of these fevers ? Those following measles, smallpox and vaccination have been recognized for over a century, but mostly as isolated and widely spaced instances. Still fewer records are available of cases following chickenpox and German measles. The striking feature of the cases following measles, chickenpox, smallpox and vaccination, has been their increased prevalence in recent years. Between January 1893 and December 1927, in a series of 15,000 cases of smallpox in the Metropolitan area, Marsden and Hurst found the record of one case only of an ascending myelitic type, but between 1928 and 1931, out of 40,313 cases of smallpox notified in England and Wales, there were nine cases with nervous complications. The increased number of cases following vaccination since the year 1922 is well known. In measles especially the figures bave gone up since 1924. In England for the four years, 1927 to 1930, of fatal cases alone there were 25. For post-varicellar cases, Dagnelie, van Bogaert [4] and others estimated from the literature a total of 69 cases, of which 50 occurred since 1920, with 13 cases in the year 1930 alone.
The family likeness, therefore, in this group is shown by: (1) a similarity of symptomatology; (2) a remarkable uniformity of the incubation period; (3) an independence of the nervous complications in regard to the severity of the primary exanthem, or to the size of the epidemic; (4) an increased incidence of the postinfectious demyelinating encephalopathies within the last twelve years; and (5) a co-existent increase of spontaneous cases, clinically and anatomically similaracute spontaneous encephalomyelitis.
(B) The toxic encephalopathies.-In this group the toxins of specific bacteria are the agents whereby the nervous complications are produced. Toxic degenerative changes are met with, especially in whooping-cough and scarlet fever, but may also occur in many other acute infections, pneumonia, erysipelas (Eckel [5] ), streptococcal, pharyngeal and otitic inflammations. The symptoms are those of meningism, serous meningitis, or a meningo-encephalitis. Some of the cases of post-scarlatinal hemiplegia are of this nature. The nervous _ymptoms may arise at any time, either early in the fever or not until later, in the period of desquamation. In whooping-cough the onset of the nervous symptoms is often delayed until after the period of paroxysmal coughing has practically ceased. Then there occur multiple convulsions, or whooping-cough eclampsia, in some cases accompanied by hemiplegia, diplegia, idiocy, and blindness (Baginsky [6] , Schmitt [7] , Turnowsky [81) . Most cases of pertussis eclampsia are fatal. Visual disturbances, amaurosis, are more common in whooping-cough than in scarlet fever. In the former they may be due to haemorrhage, encephalitis, papillitis and thrombosis of the central retinal artery (Weigelin [9] ). As an example of a meningo-encephalitis complicating a throat and ear infection, I saw recently a boy, aged 6 years, who, four days after the commencement of a moderately severe pharyngitis and otitis media, suddenly developed continuous left-sided fits, coma, hemiparesis, with bilateral extensor plantar responses, kneeand ankle-jerks abolished, a transient inequality of the pupils and facial hemiparesis. The cerebrospinal fluid was clear and contained 50 cells, mainly lymphocytes. He recovered completely.
The pathology in this group of neuropathies has been described in some cases as acute hBemorrhagic, and in others as acute toxic, encephalitis. The effects of the bacterial toxins are seen most conspicuously in the cortical ganglion cells and in the small blood-vessels. In post-pertussis cases there is extensive ganglion celldegeneration (Husler and Spatz [10] ). Grinker and Stone [11] have emphasized the frequency with which a capillary endothelial proliferation is found in the toxic encephalopathies following some of the acute fevers and other acute infections, and also in apparently spontaneous cases, possibly due to endogenous toxins. A similar feature has been observed in cases of food poisoning, and can be produced experimentally with inorganic poisons.
Acute toxic encephalitis has also been recorded after measles, smallpox, and mumps. Such cases following measles have no typical incubation period, as the nervous symptoms come on early or late and have a closer relation to the severity of the toxamia of the ,primary fever than in the demyelinating group. Similarly, in smallpox, Marsden and Hurst describe a case of acute toxic encephalitis with symptoms commencing three days before the appearance of the rash.
An unusual syndrome, probably of toxic origin, is obesity. I have notes of five cases, three of which were given to me by Dr. R. W. B. Ellis. There were three cases as a complication of scarlet fever, one pneumonia, and one mumps. Polyuria was absent, and in the two male children no evidence of genital regression was observed. In both my cases the severity of the primary illness, scarlet fever and AUG.-JOINT Dis. No. 6-2 * pneumonia, was so extreme that the child's life was stated to have been despaired of. I am inclined to place the lesion not in the pituitary, but in the region of the floor of the third ventricle.
The cerebrospinal fluid in the group of toxic encephalopathies is usually normal, but may contain a moderate increase of lymphocytes up to fifty cells or so, and a slightly raised protein percentage.
Toxic encephalopathies, due to the diphtheria toxin affecting higher neurones, are very rare. A case of this nature, presenting choreiform movements has been recorded by Critchley [12] .
(C) Encephalopathies of vascular origin.-Haemorrhage, embolism, and thrombosis as a cause of hemiplegia in scarlet fever and whooping-cough, have acquired in the past an importance based on very insecure evidence, as many of the cases reported have been made without anatomical verification. In scarlet fever the primary cause of the hawmorrhage may be ura3mic. Goodall [131 records a case of subdural hsamorrhage in a boy aged 9, coming on thirty-three days after the commencement of a mild attack of scarlet fever.
In whooping-cough, especially in the early stage of the disease, cerebral thrombosis may occur as a result of asphyxia during a severe bout of coughing. The hemiplegia may be temporary or permanent, depending on the severity of the vascular lesion. In diphtheria the oDset of bemiplegia is usually in the second or third weeks, according to Rolleston, and the vascular lesion is commonly embolic from a ventricular endocarditis.
(D) Mumps meningo-encephalitis.-There is apparently a direct connexion between the virus of mumps and its nervous complications. The virus is recognized to possess potential neurotropic properties. Even in the absence of nervous symptoms, a pleocytosis, mainly lymphocytic, has been noted in the spinal fluid in many cases. Symptoms of meningitis, less often meningo-encephalitis, may precede the glandular tumefaction (Weissenbach [14] , Rompe [15] ), but more commonly occur during the first eight days following the parotitis-sometimes as late as a month afterwards. More rarely, a polyneuritic syndrome has been observed, with flaccid paralysis of all four limbs, and sometimes ocular nerve palsies, facial paralysis, and deafness. The nervous symptoms may persist for several weeks, but in most cases recovery is complete.
Dr. J. G. Greenfield: The scope of this discussion is so vast that I propose to touch only on the pathological aspect of a few of the nervous complications of the acute specific fevers. Certain of these complications, viz. the neuritis of diphtheria, the meningitis or meningo-encephalitis of mumps and the encephalitis of typhus fever, are the direct effects on the nervous system of the itiological agent. Other complications are common to several diseases. Such is the pathological condition which has been called acute disseminated encephalomyelitis (Westphal) or acute perivascular myelinoclasis (Marsden and Weston Hurst), and such less-defined conditions as acute toxic encephalopathy, and haemorrhagic encephalitis. In certain of the fevers, especially measles, these three complications or any two of them may be combined. Again, the nervous symptoms may be caused by arterial embolism, sinus thrombosis, or the invasion of the brain or meninges by pathogenic micrococci, or they may form part of the anaphylactic response to treatment by antitoxin.
It is unnecessary to add anything to this discussion about the first three complications, as they form part of the picture of the fully developed disease. With regard to acute perivascular myelinoclasis, we now have evidence that it may follow not only smallpox and measles, but also influenza, chickenpox and German measles. True the number of proved cases following each of the last three fevers is small, but fatal cases following influenza have been fully reported by myself and by Grinker, following chickenpox by Zimmermann and Yannet arid by van Bogaert, and following German measles by Benard. The last was a case of myelitis with the typical lesions. The chickenpox cases were not so typical. Zimmermann and Yannet found mainly toxic changes in the nerve-cells and small blood-vessels, although they thought there was also some loss of myelin round subcortical vessels. The case of Dagnelie and Dubois was similar, and the case reported by van Bogaert ran a prolonged course of seventeen days, and showed unusually severe and widespread lesions in the cerebelluna as well as in the cerebrum. Still these cases afford some justification for attributing the nervous complications of these fevers to acute perivascular myelinoclasis. This name seems preferable to the old-established one of " acute disseminated encephalomyelitis," partly since the latter has been used, especially in Germany, for the more acute forms of disseminated sclerosis, but clhiefly because the new name is merely a description of the pathological condition, and so avoids the temptation, to which our Chairman has drawn attention, of taking an uncommon pathological picture and calling it a disease. Such cases may have the clinical appearance of meningitis, and many have been reported under thisheading. The examination of the cerebrospinal fluid, although valuable, does not always lead us to the correct diagnosis, especially when it contains one or two hundred cells per cubic millimetre, and although its other characters may convince the pathologist that the condition is not one of meningitis, he may fail to transmit his conviction to the clinician in charge of the case. As to the relationship of this condition to the diseases which precede it, we know no more than did Westphal and Barlow who first described it. All attempts to reproduce it in animals have failed, although something very like it has been found occurring spontaneously in monkeys.
hooping-cough.-The nervous complicatioDs of whooping-cough have been well known and studied for many years, and the pathological changes underlying them are now well established. Neurath in 1904 was among the first to show that hemorrhage plays a quite unimportant part in the picture, although the intense congestion of the tissues in patients dying in convulsions maylead to perivascular or subpial hamorrhages as an agonal or post-mortem phenomenon. Dubois, Ley and Dagnelie have recently reported eight cases in none of which was cerebral hLemorrhage found. The changes consist, in the early stages, of small-celled infiltration of the meninges, and sometimes also of the more superficial cerebral vessels, with some cedema and congestion both of meninges and cerebral tissue. In addition there are toxic or degenerative changes in the pyramidal cells of the cortex and of the cornu Ammonis and in the Purkinje cells of the cerebellum. These often go on to death and disappearance of these cells, so that in some cortical areas only the granular cells are preserved. The neuroglial proliferation which has been described in the cortex is probably secondary to the loss of nerve-cells. Dr. Ellison has recently reviewed this subject so competently that little remains to be said on it. The theory, which he favours, according to which the changes in the nerve-cells are ischeemic and caused by temporary spasmi of small vessels, is looked at rather askance by physiologists, although it has the blessing of such masters of neuropathology as Spielmeyer and David Orr. In whooping-cough the association of these cell changes with meningeal infiltration suggests rather a toxic or infective causation. Fonteigne and Dagnelie have produced a rapidly fatal meningoencephalitis in guinea-pigs by the intracerebral injection of minute doses of a culture of the Bordet-Gengou bacillus, or by intracerebral or intracisternal injection of 1/40 to 1/50 c.c. of its endotoxin. These experiments show, at least, that the Bordet-Gengou bacillus has some affinity for the nervous tissues and they should be borne in mind in discussing the pathogenesis of whooping-cough eclampsia.
Meninqism.-Meningism is a clinical term, and its pathological basis may vary.
But all are agreed that it is associated with an increase of intracranial pressure. Whether this of itself produces the meningeal symptoms, or whether there is some other factor underlying these is undecided. What seems clear is that reduction of the cerebrospinal fluid pressure by lumbar puncture usually cures the symptoms. An interesting theory which accounts for this sudden increase of intracranial pressure has been recently put forward by Howe and Fremont-Smith. According to this theory, swelling of the brain and increase in quantity of cerebrospinal fluid are caused by the sudden lowering of the blood chlorides, or hydroemia, which takes place at the onset of many fevers. This causation was adumbrated by Mestrezat who found a greater reduction in cerebrospinal fluid chlorides in cases of pneumonia with meningeal symptoms than in those without, although the fall was not so great as in cases of pneumococcal meningitis. It is well known, since the work of Weed, that the intravenous iDjection of distilled water causes a sudden rise of intracranial tension, and a sudden hydroemia of the blood from any cause would be likelyto have the same effect. Fremont-Smith has shown that even in fever induced by the intravenous injection of typhoid vaccine, as well as in malaria and rat-bite fever, hydremia occurs during the rise of temperature, and is followed after a short interval by a fall in the percentage of chlorides in the cerebrospinal fluid. If meningism is caused by this hydrsemia it probably depends on the rapidity with which dilution of blood takes place, and perhaps on, other factors, among which idiosyncrasy may play a part. In Levinson's cases, for example, it was four times more common in boys than in girls. Although this author discusses the chloride theory, he adduces no definite evidence either for or against it, but his 50 cases show an average reduction in the cerebrospinal fluid chlorides to the neighbourhood of 660 mgm. His figures, however, do not distinguish the meningism of early pneumonia from tha.t occurring with otitis media, in which the pathogenesis may be quite different.
In individual cases of meningism, figures for cerebrospinal fluid chlorides as low as 600 mgm. are not uncommon. But even if they are found not to be greatly reduced, this does not invalidate the theory, since the initial hydramia may be rapidly compensated and there is always a lag in the fall of cerebrospinal chlorides. Thus Fremont-Smith in a very large series of normal cases found the cerebrospinal fluid chlorides to have a fairly constant ratio of 120 or 125% to the blood-chlorides, but when the latter fell to very low levels as in tuberculous and pneumococcal meningitis the cerebrospinal fluid chlorides did not always fall proportionately and so the ratio might rise to 140 or 150%, or even, exceptionally, to 170%. This theory would also explain the occurrence of meningism as an occasional sequel to acute gastro-enteritis without fever, as in this condition there is a great loss of chlorides from the stomach and bowel.
Another cause for meningism is anaphylaxis. This is a comparatively rare phenomenon, but well authenticated cases are on record. In such cases there is a slight excess of cells, often with a few polymorphonuclears, in the cerebrospinal fluid. The best-known example of this is the meningeal serum reaction which occurs from the seventh to the tenth day in treated cases of meningococcal meningitis. But cases have also been reported after intravenous and subcutaneous injections of different kinds of serum.
The work of de Lavergne and Abel indicates that the meninges commonly participate to a slight degree in serum sickness, but grave complications of this kind are fortunately rare. Symptoms suggesting cerebral tumour with choked discs may occur and cases of this kind have been reported in which there was no skin rash. Apparently the commonest form of involvement of the nervous system in serum sickness is a palsy of the muscles supplied by one or both brachial plexuses, with pain but little anesthesia (Allen) . One may conjecture that this localization is determined by absorption of serum along the lymphatics of the nerves from the site of injection.
Finally I should like to consider briefly the subject of sinuzs thrombosis. The effects of this may be very great or very slight, according to the extent of the sinuses involved and the degree of anastomosis between the surface veins. If the latter is free, thrombosis of the superior longitudinal sinus alone does little more than divert the blood into other sinuses. There are usually at least three large anastomotic veins which drain the convexity of the hemisphere:
(1) The vein of Trolard, joining one of the anterior group of superior cerebral veins to the middle cerebral vein which drains into the cavernous sinus.
(2) One or two anastomotic veins of Labbe, which connect the middle cerebral vein with the lateral sinus, passing over the outer margin of the temporal lobe. These may also connect with the posterior group of superior cerebral veins.
(3) The basilar vein of Rosenthal running from the anterior perforated spot round the midbrain to the great vein of Galen provides anastomotic drainage from the mesial surface of the brain.
In many cases in which symptoms result from thrombosis of the sagittal or other sinus, we may see little macroscopic abnormality in the cortex. But here and there in microscopic sections we find areas from which all the nerve-cells have disappeared or in which they are shrunken and hyperchromic. The neuroglia and the other supporting structures usually remain intact. These areas are flanked by rather less affected zones which shade off fairly rapidly into healthy cortex. Such areas are most often found near the point where the large veins run into the thrombosed sinus and may therefore affect chiefly that part of the motor cortex which innervates the legs. Incidentally; the old theory which attributes diplegia to thrombosis of the superior longitudinal sinus cannot be discarded on the grounds that no such thrombosis can be found when the child diesmonths or years later. The clot may be absorbed and disappear but the destruction of nerve-cells is irremediable.
The effects of thrombosis of one lateral sinus chiefly depend on the freedom of anastomosis at the torcular Herophili. Although this sinus is most commonly affected in middle-ear disease it may become thrombosed in fevers and marantic states. We have in the museum at the National-Hospital, Queen Square, the brain of a child in whom thrombosis of the left lateral sinus developed as a sequel to a severe and prolonged bout of vomiting. Unfortunately there was no anastomosis at the torcular Herophili, and the thrombosis spread to the great vein of Galen, causing intense hemorrhagic infarction of the whole of the basal ganglia.
At the present moment there is some controversy as to whether thrombosis of the straight sinus or the great vein of Galen can cause hydrocephalus. I have evidence from one case that thrombosis of that lateral sinus which drains the straight sinus (usually the left) may, in the absence of anastomosis at the torcular Herophili, cause some degree of hydrocephalus. Stopford has indicated how partial obstruction of the straight sinus might play a part in increasing intracranial pressure by promoting the secretion of cerebrospinal fluid, but it is only fair to say that no valid experimental evidence has been brought forward to prove this relationship, Complete obstruction of the straight sinus or the great vein of Galen is likely to cause severe infarction of the region which it drains, and thus to destroy the choroid plexus rather than to increase the formation of cerebro-spinal fluid.
Ihave attempted in this review to focus attention on those parts of the subject about which opinion is not yet fixed, in the hope of stimulating thought and discussion. I should like, finally, to enter a plea for the thorough examination of the brains-including the venous sinuses-in children who die of these complications. Unfortunately the brain is a large organ and when it is macroscopically normal we may easily fail to find the area of greatest damage; but a careful examination will usually reveal at least the type of lesion which causes the symptoms, even if its apparent extent fails to explain their severity.
Dr. W. Gunn: The relation of acute encephalitis to the specific infectious diseases has perhaps received more prominence than the number of recorded cases would warrant and has diverted the attention of clinicians from certain otber much less rare nervous complications or sequelm, some of which are probably more amenable to treatment. There has lately been a tendency to ascribe to encephalitis a variety of mild meningeal and cerebral disturbances; as recovery is the rule the exact pathological condition must remain a matter of speculation. This is particularly true of whooping-cough It was perhaps only natural, when acute encephalitis was recognized as a clinical entity following infectious diseases, that many of the nervous disorders of whooping-cough pointing to cerebral or spinal involvement should be ascribed to some similar inflammatory process.
When we consider the widespread prevalence of the disease and the high incidence of nervous complications-especially in the younger age-groups-we should expect to meet not a few cases showing the clear-cut clinical picture of encephalomyelitis, confirmed in a proportion of instances by the histological findings. Examination of the literature on this point, however, fails to reveal proof that encephalitic inflammation ever follows whooping-cough.
It has been observed that the attack of encephalitis is more dramatic and severe after measles, variola and vaccinia than after varicella, rubella, or mumps, while anti-rabic encephalitis occupies an intermediate position. A priori, one should expect pertussis encephalitis to be severe, with unequivocal changes. In a small personal series in which encephalitis was suspected as the cause of meningeal cerebral symptoms, acute congestion of the cerebral vessels was invariably found on autopsy, but there was no evidence of disseminated encephalomyelitis. The question of aetiology is more than an academic one. The hypothesis which explains the occasional occurrence of encephalitis in the course of certain specific virus infections as due to the existence of dermatotropic and neurotropic properties in the same virus bas much to commend it, but it must postulate some variation in the soil as well as in the seed, for a given virus strain rarely produces more than a very occasional encephalitic complication.
If this hypothesis is the correct one, then the employment of immune measles or variolar serum in the treatment of post-measles or variolar encephalitis respectively, is a rational procedure from which a certain measure of success should reasonably be expected.
If, on the other hand, we accept the view that acute encephalitis is due to a specific virus, possibly widely disseminated in the country, and that the acute disease merely activates the specific virus or lowers the individual resistance to it, then we should expect little or no response to the therapeutic employment of measles or variola serum. Only immune encephalitis serum would possess the antibody we seek, and it would probablyhave equal therapeutic effect in measles, scarlet fever, or mumps. The numbers so treated have been too few and inadequately controlled to warrant any conclusion on the value of serum therapy. In any event, the more or less sudden onset and rapid evolution of the disease, going on to a fatal issue or to complete recovery, makes it doubtful whether immune serum will ever find much place in the treatment of the condition.
Dr. L. J. Laurent said he would like to bring forward some confirmation of Dr. Rolleston's remarks on diphtheritic paralysis.
There could be no doubt in the mind of anyone who had to treat diphtheria every day that the frequency and severity of diphtheritic paralysis bore a direct relationship to the severity of the initial toxmmia. When paralysis followed after comparatively mild attacks it had been his invariable experience that either the antitoxin had been given too late, or that it had been used in doses which were inadequate. Hemiplegia following diphtheria must be very rare; twelve years ago he saw two cases of it, but he had not encountered any since. In both those cases the patients had recovered, but were left with permanent spastic paralyses. Diphtheria toxin had a profound effect on the nervous system, especially on the autonomic nervous system. In confirmation of this, he had made certain observations on the oculo-cardiac reflex in cases of diphtheria, and in some cases it had been of small prognostic value. During the first three weeks of severe diphtheria one noted a remarkable exaggeration of this reflex, so that it was possible to stop the heart for a few seconds, or even to produce alarming symptoms of collapse; hence the reflex must be tried with great caution. In' cases in which the reflex was absent in the presence of severe diphtheria, the prognosis was very grave, and usually there was a fatal issue. At a later stage of the disease, when there was no longer cause to dread circulatory failure, but in the presence of extensive paralysis, palatal and pharyngeal, the oculo-cardiac reflex might be normal or absent, or it might be reversed, i.e. pressure on the eyeballs produced an acceleration of the heart rate. In cases in which a slowing of the heart resulted, or in which there was scarcely any difference, the prognosis was good, the patients recovering in the usual way or fairly quickly. But when the oculo-cardiac reflex showed acceleration of the heart rate, the paralysis proved to be more serious, and the recovery of the patient was very slow.
With regard to paralysis of accommodation in diphtheria, he had never seen a case of diphtheria with loss of pupillary reflex to accommodation; it seemed to be entirely a paralysis of the ciliary muscle.
As to the serious complications of encephalitis and encephalomyelitis after acute infections, there was no doubt that these were very grave and important, and deserved all the work which had been done on them in regard to virus infections, but from the point of view of those who had to treat infectious diseases every day, these complications were found to play only a small part in the routine. The proportion of cases of encephalitis among patients with infectious fevers must be very slight, and he was curious as to the number of cases of rubella in which any of these nervous manifestations developed.
With regard to whooping-cough, a matter which had not been mentioned was that frequently the convulsions following whooping-cough were due to tuberculous meningitis. Tuberculous meningitis and generalized tuberculosis occurred after whooping-cough more frequently tharn after any other infectious fever, even including measles; many times he had seen tubercle bacilli in the cerebrospinal fluid, proving the existence of tuberculous meningitis when it had not been previously suspected.
Ruling out cases of tuberculosis after whooping-cough, there occurred convulsions, the w3tiology of which was obscure still. The convulsions of whooping-cough had been more or less associated, in his experience, with a condition of anoxaemia. The onset of these convulsions frequently coincided with the onset of bronchopneumonia, or with increased consolidation, or a sudden atelectasis of the lungs, and many of the convulsive attacks diminished in frequency and severity after the continuous administration of oxygen.
He hoped that the "endotoxin ' isolated from the Bordet-Gengou bacillus, to which reference had been made, would prove a truly specific one, as this would eventually lead to the production of a specific antitoxin for the treatment of a very distressing condition.
Dr. E. Stolkind said that in his monograph "Paratyphoid Fever," and also in the British Journal of Children's Diseases, 1918, xv, 161, he had published several cases in which paratyphoid fever had been followed by nervous sequelh-e.g. meningitis, meningeal symptoms, external hydrocephalus, epileptiform fits, psychoses, etc.
Dr. Russell tBrain said that he found it equally difficult to accept the unitarian and the alternative theories as to the etiology of the nervous complications of the exanthemata.
Dr. Wyllie had stressed one point which had always seemed to him (the speaker) important, namely, that though these disorders seemed to have a common pathological basis, there were certain distinctive features about them. Dr. Wyllie had mentioned some of them, such as differences in the mortality rates, and in the recovery rates, and others could be given. For example, in smallpox there was a tendency for curious speech disturbances or anarthria to develop; in chickenpox one noted the high percentage of patients with acute cerebellar ataxy, and the low mortality rate. In anti-rabic inoculation 35% of the cases developed acute ascending paralysis, which was very rare in the other conditions discussed, though it did occur as a rare manifestation of rabies infection itself in animals, and still more rarely in man.
Two alternatives had to be considered. If all these disorders were due to a common factor, that common factor must be modified, or directed in a surprising way against different parts of the nervous system, by the disorder acting as a predisposing cause. But if the primary virus was responsible for these complications it exhibited a curious and unexpected selectivity in its effects and in its mortality rates, as well as in its sequelh. Thus both hypotheses carried with them difficulties. A good example of this was afforded by the unique case recorded by Knutti in the United States, in which a woman, ten days after vaccination, developed diffuse myelitis, with destruction of the grey matter and the white matter of the cord. Negri bodies were found in the ganglion cells in the nervous system, and experimental introduction of this into animals produced rabies.
He would like to mention the experimental work done on louping-ill, especially by Gordon and McLeod. Louping-ill produced a selective destruction of the Purkinje cells in the cerebellum, and it had been discovered by Gordon sheep were infected with the virus of that disease alone, they developed a generalized illness, but without nervous symptoms. For the nervous system to be implicated, it was necessary for the animals to be infected with another disease simultaneously, namely, tick-borne fever, and the same tick infected the animals at the same time with both the louping-ill and the tick-borne fever. Should that be confirmed, it would prove important in connexion with the subject of to-night's debate, as it was the first example on record of a virus being rendered neurotropic by a coincident infection with another virus.
He had been interested in Dr. Gunn's remarks, but he did not agree that serotherapy was necessarily going to afford a solution of the problem. If the nervous complications were due to the primary disease, one would expect it to respond to specific serotherapy, but if they were due to a secondary virus which was directed against the nervous system by the primary one and was so intimately related to it, one might expect that if the primary condition could be relieved by serotherapy, the other condition would subside. He had recently seen chickenpox encephalitis in a business man, aged 30, whose symptoms developed on the fourteenth day after infection. He exhibited mental confusion, weakness in one leg, and bilateral extensor responses. He made a good recovery and returned to work in a few weeks.
Dr. J. Purdon Martin said he had been trying to fit his own experience into the various classifications that had been given, and especially into Dr. Wyllie's classification. Most of the cases he had seen would fall into Dr. Wyllie's first group, in which lesions were apparently widespread in both cerebral hemispheres; he would refer to these later. Myelitic cases, which formed Dr. Wyllie's second group, he had seen only in adults, and then in association with influenza. The third group, the hemiplegic cases, he had seen also only in adults, and he recalled two instances in each of which one cerebral hemisphere was evidentl-J very extensively affected, while there were practically no signs referable to the other hemisphere. Dr. Wyllie's fourth type, the ataxic type, he believed must be very rare; he could remember only one instance. Reverting to the first group-in which the symptoms were apparently due to damage in both cerebral hemispheres-be recalled three cases associated with measles, two that had occurred after vaccination, and two associated with food poisoning. (He had not been aware that this association had been recognized, but Dr. Wyllie evidently knew all about it.) He had also seen two similar cases in children in whom there was no indication of anv exanthem or other acute general infection.
He had been much impressed by the mental symptoms in some cases. After convulsions had ceased the physical abnormalities might be relatively slightthe child was able to move all its limbs, the tendon-jerks did not show much change and the plantar reflexes were indefinite or only weakly extensor-but the mental symptoms might be very severe. When the convulsions had ceased the child appeared to have complete .amentia. It gave not the slightest sign of intelligence and showed no appreciation of what was going on around it. Except that it breathed and had a temperaturc of 98.40 F. it might be a log of wood. After a few days it began to whine, and this whining (which he had seen in at least three cases) went on continuously thereafter, every moment that the child was awake. After several days, or perhaps a week, there came a day when the whining ceased whenever the nurse attended to the child or even stood at the bedside. This was the first indication of any contact of the child's nervous system with the environment. After this the whining gradually came to an end. One of his patients at this stage had shown very marked automatic groping and grasping movements, but this did not indicate any conscious appreciation of what was touched or grasped. In the next stage the child began to move its eyes, and it was apparent that it was taking some notice. Hitherto it had been very difficult to know whether the child actually saw, and similarly whether it heard and, in some cases at any rate, be was sure that there was no conscious sight or hearing in the earlier stages. Gradually the child became more easy to feed and began to understand what was required of it. As its intelligence returned during the next few weeks, it passed quickly through the stages through which a baby passes more slowly. It became possible to get its attention -at first very briefly, afterwards for more prolonged periods-then to obtain simple answers from it, and after that the return of intelligence was rapid, although sometimes even after many weeks one might have the fear that the child was going to be an imbecile for the rest of its life. In two of his cases speech had been the last thing to recover. In one of these instances the child seemed to have recovered full intelligence, behaved normally, understood all that was said to her and played with the other children in the ward but she could not speak, and speech did not return until after she had left hospital. In the other instance the return of speech was not so long delayed and in both cases recovery was complete.
As regards the outlook: In one of his vaccination cases the patient had died, but in the other vaccination case and in all the rest of the cases the patients had made complete recoveries. He was surprised at the high figure of residual disabilities in measles cases which Dr. Wyllie had quoted. In the few cases that he (the speaker) had seen recovery had been complete. In one of them it had taken much longer than in the other two. Dr. Wyllie had mentioned that there were two different varieties of encephalitis which might occur in measles; the more usual one, the demyelinating type, came on after the seventh day or so, the other, the toxic type, came on before the rash came out. In the case to which he (the speaker) referred the child went into convulsions and became comatose before the rash appeared. After three months although she had made considerable recovery she was still an imbecile and had a stolid appearance with a certain degree of Parkinsonism. Helearned afterwards, however, that recovery had eventually been complete and that the child had since been getting on well at school. From this case and from the food-poisoning cases which he had seen, he wondered whether the toxic cases were perhaps more severe and longer in their course than those of the demyelinating type.
